Regulation of manganese acquisition by bacteria occurs by both biochemical regulation of the activity of the transporters and transcriptional regulation of gene expression. Structural analysis suggests that calcium ions may regulate the function of an Mn ATP-binding cassette (ABC)-permease in Synechocystis 6803, a cyanobacterium, as well as in a number of other bacteria. The expression of genes encoding the manganese transporter in Synechocystis 6803 is regulated by a twocomponent signal-transduction mechanism that has not been previously observed for manganese and zinc transport in bacteria.
Introduction
Manganese is an essential trace element in almost all organisms. During oxygenic photosynthesis, Mn plays an essential role in the oxidation of water. We have previously identified and charac- [3, 4] .
Form of MntC
The protein sequences of five SBPs of ABCpermeases were compared using ClustalW alignment ( Figure 1 ). MntC in Synechocystis 6803 [l] and PsaA in Streptococcuspneumoniae [5] are SBPs in Mn ABC-permeases, whereas TroA in Treponema pallidum [6] and ZnuA in Escherichia coli [7] are SBPs in Zn ABC-permeases. In addition to the metal-binding residues, there are other areas that are highly conserved among these SBPs (Figure 1) . In general the conservation is highest in regions predicted to be a-helices. A homology model of MntC (Figure 1) was built using the X-ray crystal structure of PsaA [9] as the structural basis. T h e model shows that although only 30°, similar at the primary sequence level, the predicted structure of MntC is very similar to the structure of PsaA. T h e model indicates that a loop region between helices a 7 and a 8 (Figure 1 ) in MntC resembles an EF-hand domain. This region of the MntC protein (between residues Glu-269 and Glu-274) is predicted to ligate Ca2+ via the carboxylate oxygens of glutamate and aspartic acid residues. Corresponding residues are present in PsaA, but not in YfeA, TroA or ZnuA proteins. We have previously determined that M n transport by MntABC can be enhanced by Ca2+ [2] . We have also determined that M n binding to MntC in vitro is enhanced by Ca2+. We predict that the function of PsaA will be similarly modulated by Ca2' and that Ca2+ probably does not affect TroA-, ZnuA-or YfeA-related transport.
Transcriptional regulation
T h e M n ABC-permease complex in Synechocystis 6803 functions when the external M n concentration is sub-micromolar. T h e complex is under strict transcriptional regulation. Recently we have identified a two-component regulatory system that controls expression of the mnt operon. [lo].
